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Introduction {#aos13853-sec-0005}
============

A surgical approach for the management of idiopathic macular hole (MH) was first reported by Kelly & Wendel ([1991](#aos13853-bib-0029){ref-type="ref"}) in 1991 and has evolved over the last 25 years to feature not only a pars plana vitrectomy (PPV), but a combination of adjuvant techniques, including internal limiting membrane (ILM) peeling (Olsen et al. [1998](#aos13853-bib-0036){ref-type="ref"}), gas tamponade (Madreperla et al. [1994](#aos13853-bib-0034){ref-type="ref"}), and postoperative prone posturing. The use of ILM peeling was thought to facilitate closure of MHs by releasing tangential traction (Gass [1988](#aos13853-bib-0014){ref-type="ref"}; Tognetto et al. [2006](#aos13853-bib-0049){ref-type="ref"}; Bainbridge et al. [2008](#aos13853-bib-0005){ref-type="ref"}; Ho et al. [2018](#aos13853-bib-0023){ref-type="ref"}), and to prevent reopening of MHs by removing the ILM scaffold for retinal surface glial cell proliferation. Such a proliferation is thought to lead to epiretinal membrane formation after the surgery (Yooh et al. [1996](#aos13853-bib-0055){ref-type="ref"}; Gass [1999](#aos13853-bib-0016){ref-type="ref"}; Yamanishi et al. [2000](#aos13853-bib-0054){ref-type="ref"}; Cheng et al. [2002](#aos13853-bib-0008){ref-type="ref"}). On the other hand, it has been suggested that beneficial glial proliferation that could facilitate hole closure could be enhanced by the surgical trauma associated with ILM peeling (Funata et al. [1992](#aos13853-bib-0013){ref-type="ref"}; Gass [1995](#aos13853-bib-0015){ref-type="ref"}; Rosa et al. [1996](#aos13853-bib-0039){ref-type="ref"}).

A variety of studies have been performed evaluating the success of macular hole surgery. Various prognostic factors have been defined which may influence the success of MH surgery, including various preoperative optical coherence tomography (OCT) features, such as the macular hole index (Kusuhara et al. [2004](#aos13853-bib-0030){ref-type="ref"}), and tractional hole index (Ruiz‐Moreno et al. [2008](#aos13853-bib-0040){ref-type="ref"}). Most of these previous studies assessed success based on functional outcomes (Park et al. [1998](#aos13853-bib-0037){ref-type="ref"}; Haritoglou et al. [2007](#aos13853-bib-0020){ref-type="ref"}; Gupta et al. [2009](#aos13853-bib-0018){ref-type="ref"}; Chang et al. [2015](#aos13853-bib-0007){ref-type="ref"}; Hashimoto et al. [2015](#aos13853-bib-0021){ref-type="ref"}), which are potentially noisy and often require large sample sizes in order to assess the result reliably. When anatomical outcomes (Park et al. [1998](#aos13853-bib-0037){ref-type="ref"}; Ip et al. [2002](#aos13853-bib-0025){ref-type="ref"}; Wakely et al. [2012](#aos13853-bib-0053){ref-type="ref"}) were used they were often limited to a simple binary assessment of the presence or absence of anatomical hole closure. Such a simplistic assessment, however, may be insufficient variations in outcomes among patients in a surgical trial.

Another challenge in clinical trials involving surgical interventions is variation in surgical techniques or approaches between surgeons. Once such variation in MH surgery, is the extent of the ILM peel, for which there is no consensus. Some studies have reported limited peels measuring only a disk diameter (DD, roughly 1.8 mm) centred on the hole (Haritoglou et al. [2001](#aos13853-bib-0019){ref-type="ref"}; Lois et al. [2008](#aos13853-bib-0033){ref-type="ref"}), with others describing broad peels extending to the vascular arcades. Iezzi & Kapoor ([2013](#aos13853-bib-0024){ref-type="ref"}), for example, illustrated that broad ILM peeling can facilitate MH closure even with shorter acting gas tamponade and no face‐down positioning. Nevertheless, the role of ILM peeling in MH surgery is still controversial. Deciding whether to peel the ILM or how large an extent to peel is not trivial as several studies have reported anatomic and functional deficits following ILM removal due to damage to the adjacent inner retina, including specific injury to the retinal nerve fiber layers (RNFL) and ganglion cell layers (Diaz et al. [2014](#aos13853-bib-0010){ref-type="ref"}).

Thus, careful and precise evaluation of impact of the extent of ILM peeling on the outcome of macular hole surgery would appear to be of importance. In the present study, we report the results of a prospective, randomized, comparative clinical trial that was conducted to investigate the relationship between the extent of ILM peeling and anatomical outcomes, adjusting for the macular hole closure index (MHCI; Liu et al. [2016](#aos13853-bib-0032){ref-type="ref"}) as a baseline anatomic prognostic factor.

Materials and Methods {#aos13853-sec-0006}
=====================

Description of subjects {#aos13853-sec-0007}
-----------------------

The present study was a prospective interventional, comparative and randomized clinical trial. A total of 128 eyes, from 128 patients who were diagnosed with idiopathic MH in Peking University People\'s Hospital Eye Centre between June 2015 and October 2015, were enrolled. The study adhered to the Declaration of Helsinki and was approved by the Peking University People\'s Hospital research ethics committees and the Peking University institutional review board.

Inclusion criteria for the MH study group included: (1) confirmed diagnosis of full‐thickness idiopathic MH using an indirect ophthalmoscope and spectral domain‐OCT (SD‐OCT; Optovue, Fremont, CA, US); and (2) less than or equals to 3 years duration (based on symptoms reported by the patient). The exclusion criteria included: (1) macular hole caused by high myopia (\>6 diopters) or trauma; (2) macular hole secondary to other fundus disease; (3) presence of other causes of decreased vision (e.g. corneal scarring, age‐related macular degeneration, diabetic retinopathy, glaucoma if absolute visual field defects were present or uncontrolled by medicine); (4) retinal detachment due to macular hole; (5) history of previous PPV surgery; (6) patients whose MHCI was incalculable because of poor OCT image quality. Informed consent was obtained before the surgical intervention in all patients with confirmed eligibility after the risks and benefits were described in a comprehensive face‐to‐face discussion. For patients with bilateral MHs at presentation, only the eye selected for surgery first was enrolled in the study. The study adhered to the Consolidated Standards of Reporting Trials (CONSORT) statement and was registered in the clinicaltrials.gov database (NCT02930369).

Randomization and masking procedures {#aos13853-sec-0008}
------------------------------------

Participants were randomly allocated using a random number generator in a 1:1 ratio to the 2DD peel group (the region of ILM peeling extending in a circle 2 DD (approx. 3.6 mm) in size surrounding the macular hole) and the 4DD peel group (4DD (approx. 7.2 mm) extent of ILM peel). All patients, technicians, data managers, and examining physicians were masked to treatment allocation throughout the study. Only the surgeon was unmasked, but he/she did not participate in the postoperative study evaluations.

Surgical procedures {#aos13853-sec-0009}
-------------------

All patients received a standard 23‐ or 25‐gauge three‐port PPV carried out by one of four experienced surgeons. After indocyanine green (1 mg/ml solution, diluted in 5% glucose (Jaycock et al. [2005](#aos13853-bib-0027){ref-type="ref"}; Freeman et al. [1997](#aos13853-bib-0012){ref-type="ref"})) staining for 60 seconds, the ILM was peeled off the retina with a peeling diameter of 2DD or 4DD. And the intra‐operative video or photo after the ILM peeling, including both papillary and ILM peeling area was saved for the masked researchers to evaluate the ILM peel range and record the actual range of ILM peeling after the surgery. Following a complete fluid‐air exchange, an air‐gas exchange was performed with a tamponade of 20% sulfur hexafluoride (SF6). Patients were instructed to maintain a facedown position until the gas was fully absorbed, which generally took 2 weeks. Patients with clear lenses would receive MH surgery only, otherwise would receive MH surgery combined with cataract surgery and intraocular lens implantation.

Baseline and follow‐up examination procedures {#aos13853-sec-0010}
---------------------------------------------

Participants were assessed at baseline prior to surgery and then had study visits at 3, 6 and 12 months after surgery. For each subject, baseline demographic data was recorded, which included the gender, age, duration of the MH, and lens status (phakic, pseudophakic or aphakic). Complete ophthalmic examinations were performed at baseline, including best‐corrected (following protocol refraction) visual acuity (BCVA), slit‐lamp biomicroscropy, intraocular pressure measurement, indirect ophthalmoscopy after pupil dilation and SD‐OCT. BCVA and OCT were repeated at each follow‐up study visit. Adverse events were specifically queried for a record at each follow‐up visit. The BCVA letter scores were measured with an Early Treatment Diabetic Retinopathy Study (ETDRS) chart at 4 m by certified vision examiners. All OCT scans were obtained by a single experienced OCT technician.

For subjects who developed a persistent macular hole after surgery, patients were advised to undergo repeat surgery with or without the broader ILM peeling. Subjects who developed visually significant cataract or posterior capsular opacification were treated with surgery or Nd:YAG laser treatment, respectively. BCVA was remeasured 1 week after the cataract surgery or laser treatment, and OCT scanning was repeated if the presurgical image quality was poor. Patients who developed retinal detachment postoperatively were treated in accordance with the treating physicians practices.

The preoperative and postoperative anatomic status of the MH was quantitatively assessed on the central OCT B‐scan, using the previously described macular hole closure index (MHCI; Liu et al. [2016](#aos13853-bib-0032){ref-type="ref"}). The MHCI (illustrated in Fig. [1](#aos13853-fig-0001){ref-type="fig"}) was calculated as (M + N)/BASE where: (1) M and N are the lengths of the detached photoreceptor arms, measured as a straight line from the broken end point of the external limiting membrane (ELM) to the junction of the detached photoreceptors with retinal pigment epithelium (RPE) band; and (2) BASE is the length of the RPE not in contact with the photoreceptors (i.e. the basal diameter of the macular hole). All lengths were measured using the built‐in caliper of the [oct]{.smallcaps} software (Optovue, Fremont, CA, USA).

![Measurement of macular hole closure index (MHCI). M and N represent the straight lengths of the detached photoreceptor arms. One end is located at the broken end point of the external limiting membrane (point E) and the other end is located at the junction of the detached photoreceptors and the retinal pigment epithelium (RPE) band (point D). The BASE is measured as the length of RPE band without attached photoreceptors.](AOS-97-303-g001){#aos13853-fig-0001}

Study outcome measures {#aos13853-sec-0011}
----------------------

The primary outcome measure was the proportion of eyes with complete closure within the intervention groups in the anatomy on OCT at the 12 months visit postoperatively. The secondary outcome measure was the anatomical outcomes and BCVA difference at the other scheduled visits, and the difference between the anatomical outcomes and BCVA in different subgroups when subjects were stratified by baseline MHCI. Postoperative anatomical outcome at each visit was recorded according to the OCT appearance. We classified the anatomical outcomes into three grades (Liu et al. [2016](#aos13853-bib-0032){ref-type="ref"}; Fig. [2](#aos13853-fig-0002){ref-type="fig"}): grade A, in which the macular hole was closed but with a bridge‐like shape due to persistent foveolar subretinal fluid; grade B, in which the macular hole was completely closed with a normal fovea morphology; grade C, in which the macular hole was poorly closed or not closed. The "not closed" macular hole with the edge detached was considered as a failure and was recommended to receive additional surgery (Fig. [2](#aos13853-fig-0002){ref-type="fig"}E).

![Macular hole closure grading based on OCT image. (A) Grade A postoperative outcome. Note that the full‐thickness defect in the macular hole is closed, but the foveal retina has a bridge‐like shape with persistence of foveal subretinal fluid. (B) Grade B postoperative outcome. The macular hole is closed with a normal‐appearing foveal morphology. (C) Grade C1 postoperative outcome. Note that the full‐thickness defect in the macular hole is closed, but the fovea is markedly abnormal and thinner with extensive or complete loss of ellipsoid zone and external limiting membrane with a V‐shape contour. (D) Grade C2 postoperative outcome. The macular hole remains open, but the neurosensory retina at the edge of the hole demonstrates relatively complete approximation with the underlying retinal pigment epithelium (RPE). (E) Grade C3 postoperative outcome. The macular hole remains open and the edges of the neurosensory retina also remain detached from the RPE. Such a configuration was deemed to represent a surgical failure and repeat surgery was advised.](AOS-97-303-g002){#aos13853-fig-0002}

Grading of OCT outcomes was performed by two independent, masked observers, and if a disagreement was present, a final adjudication/decision was made by a third masked observer. Since a Grade A closure was thought to be a transient phenomenon, and with time and resolution of fluid would transform to a Grade B closure, both Grade A and Grade B were thought to represent evidence of "complete closure" (CC), whereas all Grade C outcomes were thought to represent "poor closure" (PC).

The average diameter of ILM peeled on both vertical and horizontal direction smaller or larger within 0.5 DD based on the randomization result was considered as following the protocol (Fig. [3](#aos13853-fig-0003){ref-type="fig"}).

![The Intraoperative clinical photograph demonstrating the protocol of internal limiting membrane peel.](AOS-97-303-g003){#aos13853-fig-0003}

Statistical analysis {#aos13853-sec-0012}
--------------------

A standard power calculation was performed to calculate sample sizes based on a noninferiority assumption of an expected anatomic success of 92% after surgery, with a power of 80%, 1‐sided significance level of 2.5%, and a noninferiority margin of −15%. It was calculated that an estimated sample size of 52 eyes per surgical arm was required. However, to account for expected attrition and protocol noncompliance, the final estimate for enrollment consisted of 60 patients per group. The last observation carried forward method was used to impute missing values for the intention‐to‐treat population for analysis outcomes.

A noninferiority test based on the Wald method was applied to compare the OCT‐based anatomical outcomes at 12 months between the two groups. The main hypothesis tested in the present study was accepted if the lower limit of the 95% confidence interval (CI) was higher than the noninferiority margin set at −15%. And the chi‐square (*χ* ^2^) test or Fisher\'s exact test was added to test for superiority when noninferiority was not revealed.

A receiver operating characteristic curve (ROC) analysis was carried out in the 2DD group to evaluate the predictive ability of the MHCI and to find the cut‐off value for the prediction of complete and poor closure. The *χ* ^2^ test and Fisher\'s exact tests were also used in subgroup analysis divided by cut‐off value to compare the anatomical outcomes between 2DD and 4DD group. Paired samples *t*‐test was used to analyse the difference between baseline BCVA and BCVA at 12 months. The independent sampled *t*‐test was used to analyze the postoperative BCVA between groups. And Spearman\'s correlation analysis was calculated to assess correlation between the BCVA and anatomical grades. All analyses were conducted using [spss]{.smallcaps} software version 22.0 (SPSS Inc., Chicago, IL, USA). p values \<0.05 indicated statistical significance.

Results {#aos13853-sec-0013}
=======

A total of 128 eyes from 128 consecutive patients with IMH were assessed initially, but five patients did not meet inclusion criteria and were not randomized. Among the 123 randomized subjects, two were lost to follow‐up. Thus, the final cohort for analysis, consistent of 121 eyes from 121 subjects (Fig. [4](#aos13853-fig-0004){ref-type="fig"}), with 63 randomized into the 2DD group and 58 into the 4DD group. The baseline demographic characteristics and clinical data of the 121 eyes and the two intervention groups are summarized in Table [1](#aos13853-tbl-0001){ref-type="table"}. No significant differences in any baseline variable were observed between the two groups. The patients with history over 12 months in 2DD and 4DD group were 6 and 3, respectively. And MHCI was significantly correlated with history (*r *= −0.34, p \< 0.001, Pearson correlation) The earlier 30 patients received 23‐gauge PPV (13 versus 17 in 2DD and 4DD group, respectively) and the rest patients received 25‐gauge PPV. The mean vertical and horizontal ILM peeling diameter was 2.02 ± 0.20 DD and 2.05 ± 0.25 DD in 2DD group, 3.98 ± 0.13 DD and 3.97 ± 0.16 DD in 4DD group, respectively. One eye (0.83%) was pseudophakic at the time of surgery, and 120 (99.17%) were phakic. Nineteen patients (15.7%) underwent MH surgery only, and the distribution of phakic patients underwent MH surgery only between 2DD and 4DD groups (10 patients/15.8% versus eight patients/14.0% in two groups, respectively) showed no significance (p = 0.78, *χ* ^2^ test). The rest 102 patients (84.3%) underwent MH surgery combined with cataract surgery and intraocular lens implantation. Eight patients (6.61%) had bilateral MHs.

![Flowchart showing the progression of patients in the study.](AOS-97-303-g004){#aos13853-fig-0004}

###### 

Patient baseline characteristics

                                                                Total                          2DD group                      4DD group                      p Value
  ------------------------------------------------------------- ------------------------------ ------------------------------ ------------------------------ ---------
  No. eyes/patients                                             121/121                        63/63                          58/58                          
  Age (years) (Mean ± SD) (Range)                               64.59 ± 6.60 (45--78)          65.52 ± 6.28 (50--77)          63.57 ± 6.829 (45--78)         0.104
  Gender (M/F)                                                  31/90                          14/49                          17/41                          0.372
  Eye (R/L)                                                     53/68                          29/34                          24/34                          0.606
  Symptom duration (months) (Mean ± SD) (Range)                 4.74 ± 7.06 (0.25--36)         5.69 ± 8.29 (0.25--30)         3.70 ± 5.29 (0.25--36)         0.114
  MHCI (Mean ± SD) (Range)                                      0.67 ± 0.19 (0.30--1.35)       0.65 ± 0.21 (0.30--1.35)       0.65 ± 0.17 (0.35--1.01)       0.301
  MHD (*μ*m) (Mean ± SD) (Range)                                484.50 ± 202.40 (127--1050)    476.24 ± 210.28 (127--956)     493.48 ± 195.04 (158--1050)    0.642
  MHB (*μ*m) (Mean ± SD) (Range)                                931.45 ± 281.51 (336--1870)    932.63 ± 287.78 (336--1480)    935.27 ± 278.68 (368--1870)    0.962
  Preoperative BCVA (ETDRS letters) (Mean ± SD) (Range)         41.88 ± 14.97 (15--74)         41.51 ± 15.03 (15--70)         42.28 ± 15.01 (15--74)         0.779
  Preoperative spherical equivalent error (Mean ± SD) (Range)   0.57 ± 1.32 (−3.25 to +1.50)   0.49 ± 1.36 (−3.25 to +1.25)   0.61 ± 1.29 (−2.00 to +1.50)   0.669

BCVA = best‐corrected visual acuity; ETDRS = Early Treatment Diabetic Retinopathy Study visual acuity charts; MHCI = Macular Hole Closure Index; MHD = Macular Hole Minimum Diameter; MHB = Macular Hole Base Diameter.

John Wiley & Sons, Ltd

Anatomic results {#aos13853-sec-0014}
----------------

The primary outcome measurement in the two groups is shown in Table [2](#aos13853-tbl-0002){ref-type="table"}. A total of 105 patients (86.8%) attained CC, 16 patients (13.2%) attained PC.

###### 

Anatomical outcomes in two treatment groups at 12 months

                          2DD group    4DD group    Difference between two groups (95% CI)   p Value
  ----------------------- ------------ ------------ ---------------------------------------- ---------
  Complete closure rate   52 (82.5%)   53 (91.4%)   0.45 (0.15--1.37)                        0.185
  Poor closure rate       11 (17.5%)   5 (8.6%)                                              

CI = confidence interval; DD = disk diameter (size of the internal limiting membrane peel).

John Wiley & Sons, Ltd

The mean difference in the CC rates between the 2DD and 4DD treatment groups was −8.8% (95% CI, −20.7% to 3.0%; p = 0.15, determined by use of the asymptotic Wald noninferiority test) at 12 months. Thus, the noninferiority hypothesis based on a margin set at −15% of 2DD diameters ILM peeling versus 4DD diameters ILM peeling for achieving CC of the MH was insufficiently powered to be demonstrated (Fig. [5](#aos13853-fig-0005){ref-type="fig"}). The Fisher\'s exact test was supplemented to test for superiority and demonstrated no significance between the 2DD group and 4DD group in CC rate at 12 months (82.5% versus 91.4%; p = 0.185; Table [2](#aos13853-tbl-0002){ref-type="table"}). The distribution of anatomical closure grades of two groups at 12 months was shown in Table [3](#aos13853-tbl-0003){ref-type="table"}.

![Noninferiority test of 2DD--4DD diameters ILM peeling for complete closure rate at month 12. CI = confidence interval; DD = disk diameter; ILM = internal limiting membrane.](AOS-97-303-g005){#aos13853-fig-0005}

###### 

Anatomical outcomes grades of two groups at 12 months

             2DD group     4DD group
  ---------- ------------- -------------
  Grade B    52 (82.54%)   53 (91.38%)
  Grade C1   4 (6.35%)     3 (5.17%)
  Grade C2   3 (4.76%)     0 (0.0%)
  Grade C3   4 (6.35%)     2 (3.45%)

John Wiley & Sons, Ltd

Furthermore, we found that anatomical closure grades at follow‐up were significantly correlated with MHCI in the 2DD group (Spearman\'s rank correlation coefficient = −0.674, p \< 0.05). Accordingly, to exclude the effect of baseline macular hole configuration on anatomical outcomes, we stratified patients by a MHCI cut‐off value, which was calculated by ROC curve within the 2DD group. First, an ROC analysis was performed to test the predictive ability of MHCI (Fig. [6](#aos13853-fig-0006){ref-type="fig"}). The area under the ROC curve (AUC) for the MHCI as a predictor of a CC prognosis was 0.928 (95% CI 0.839--1.00, p \< 0.001). This analysis provided a MHCI cut‐off value of 0.505. The associated sensitivity and specificity were 96.2% and 81.8%. Finally, we chose 0.5 as the cut‐off value to separate CC and PC outcomes for clinical application.

![Receiver operating characteristic (ROC) curve for macular hole closure index (MHCI). When we analysed these grade A and grade B closure status combined together, we found the area under ROC curve was 0.928 (p \< 0.05) compared with grade C closure, obtaining the MHCI cut‐off value as 0.505.](AOS-97-303-g006){#aos13853-fig-0006}

Second, the comparison analysis between the 2DD and 4DD arms were performed on the subgroups of patients with MHCI values above and below the 0.5 cutpoint (Table [4](#aos13853-tbl-0004){ref-type="table"}). By 12 months, within the subgroup of MHCI ≤0.5, two patients (18.2%) receiving a 2DD ILM peel achieved CC outcome, compared to 10 patients (75.9%) receiving a 4DD peel. In contrast, within the subgroup of MHCI \>0.5, CC rate was 96.2% (50 patients) in the 2DD group versus 95.6% (43 patients) in the 4DD group. Overall, when MHCI was ≤0.5, the anatomic outcomes contributed to significant differences between the two treatment groups (p = 0.08, 0.036, 0.012 for Months 3, 6 and 12, respectively, Fisher\'s exact test). When MHCI was \>0.5, the anatomic outcomes no longer differed significantly between the two treatments at any visit (p = 1.00, 1.00, 1.00 for Months 3, 6 and 12, respectively, Fisher\'s exact test; Table [4](#aos13853-tbl-0004){ref-type="table"}).

###### 

Anatomical outcome differences between groups at each visit following stratification by MHCI

                        MHCI ≤ 0.5   MHCI \> 0.5                                                                            
  --------------------- ------------ ------------- ---------------------------------------------- ------------ ------------ ---------------------------------------------
  3 months *N* = 115                                                                                                        
  CC *n* (%)            1 (9.1%)     8 (72.7%)     0.008[a](#aos13853-note-0007){ref-type="fn"}   48 (96%)     41 (95.3%)   1.00[a](#aos13853-note-0007){ref-type="fn"}
  PC *n* (%)            10 (90.9%)   3 (27.3%)     2 (4%)                                         2 (4.7%)                  
  6 months *N* = 120                                                                                                        
  CC *n* (%)            2 (20%)      9 (69.2%)     0.036[a](#aos13853-note-0007){ref-type="fn"}   50 (96.2%)   43 (95.6%)   1.00[a](#aos13853-note-0007){ref-type="fn"}
  PC *n* (%)            8 (80%)      4 (30.8%)     2 (3.8%)                                       2 (4.4%)                  
  12 months *N* = 121                                                                                                       
  CC *n* (%)            2 (18.2%)    10 (76.9%)    0.012[a](#aos13853-note-0007){ref-type="fn"}   50 (96.2%)   43 (95.6%)   1.00[a](#aos13853-note-0007){ref-type="fn"}
  PC *n* (%)            9 (81.8%)    3 (23.1%)     2 (3.8%)                                       2 (4.4%)                  

CC = complete closure; includes anatomical outcomes grade A and grade B; MHCI = macular hole closure index; PC = poor closure; included anatomical outcomes grade C1, grade C2 and grade C3.

2DD Group: patients underwent macular hole surgery with 2 DD (disk diameters) of internal limiting membrane (ILM) peeling.

4DD Group: patients underwent macular hole surgery with 4DD of ILM peeling.

Fisher Exact test.

John Wiley & Sons, Ltd

Visual acuity outcomes {#aos13853-sec-0015}
----------------------

Best corrected visual acuity of ETDRS letters improved significantly from a mean ± SD value of 41.88 ± 14.97 (range 15--74) before surgery to 60.63 ± 12.30 (range 20--82) at 3 months (*t* = −13.16, p \< 0.001, paired *t*‐test), 64.35 ± 12.85 (range 15--83) at 6 months (*t* = −11.41, p \< 0.001, paired *t*‐test) and 67.60 ± 13.34 (range 20--85) at 12 months (*t* = −15.41, p \< 0.001, paired *t*‐test; Table [5](#aos13853-tbl-0005){ref-type="table"}). The mean BCVA letters between the 2DD group and 4DD group showed no difference at 12 months: 66.57 and 68.53, respectively, (*t* = −0.763, p = 0.447, independent *t*‐test). The greatest improvement in both groups occurred between baseline and Month 3 (Fig. [7](#aos13853-fig-0007){ref-type="fig"}). BCVA at 12 months also showed a significant correlation with anatomical outcomes (*r* = −0.369, p \< 0.05, Spearman\'s correlation), with better vision associated with complete closure type. The mean BCVA of each closure grade at 12 months was showed in Table [6](#aos13853-tbl-0006){ref-type="table"}. In the subgroup with MHCI ≤0.5, BCVA of 12 months showed a significant difference between the 2DD and 4DD groups (*t* = −2.759, p = 0.014, independent sampled *t*‐test). In the MHCI \>0.5 subgroup, BCVA of 12 months showed no evidence of a significant difference between the two treatment groups (*t* = 0.208, p = 0.836, independent sampled *t*‐test).

###### 

BCVA in each visit

                                               MHCI ≤ 0.5               MCHI \> 0.5                                                                                           
  ------------------- ------------------------ ------------------------ ------------------------ -------------------------- ------------------------ ------------------------ ------------------------
  Baseline BCVA       41.88 ± 14.97 (15--74)   34.36 ± 14.69 (19--59)   34.54 ± 19.61 (15--67)   0.981 (−15.08 to 14.731)   43.02 ± 14.80 (15--70)   44.51 ± 12.82 (15--74)   0.60 (−7.12 to 4.14)
  BCVA at 3 months    60.63 ± 12.30 (20--82)   45.11 ± 14.87 (20--64)   57.70 ± 10.86 (35--71)   0.049 (−25.10 to −0.79)    63.52 ± 10.82 (33--82)   61.74 ± 11.15 (35--76)   0.465 (−3.05 to 6.62)
  BCVA at 6 months    64.35 ± 12.85 (15--83)   53.50 ± 3.42 (50--58)    57.43 ± 19.36 (15--75)   0.703 (−26.52 to 18.66)    68.57 ± 8.40 (48--83)    63.47 ± 14.03 (20--81)   0.101 (−1.03 to 11.24)
  BCVA at 12 months   67.60 ± 13.34 (20--85)   46.57 ± 19.82 (20--70)   66.10 ± 10.35 (50--81)   0.014 (−34.52 to −4.52)    69.90 ± 12.38 (25--85)   69.37 ± 10.49 (45--85)   0.836 (−4.60 to 5.67)

BCVA = best corrected visual acuity; MHCI = macular hole closure index.

2DD Group: patients underwent macular hole surgery with 2 DD (disk diameters) of internal limiting membrane (ILM) peeling.

4DD Group: patients underwent macular hole surgery with 4DD of ILM peeling.

John Wiley & Sons, Ltd

![Improvement in best‐corrected visual acuity (BCVA) Letters From Baseline at Each Visit. (A) The improvement of all participants in BCVA letters during all visits. (B) The improvement of two intervention arms in BCVA letters at each visit separately.](AOS-97-303-g007){#aos13853-fig-0007}

###### 

The mean BCVA of each grade at 12 months

             *N*   BCVA
  ---------- ----- ---------------
  Grade B    105   68.08 ± 12.16
  Grade C1   7     57.86 ± 8.88
  Grade C2   3     47.33 ± 23.86
  Grade C3   6     49.33 ± 9.35

BCVA = best corrected visual acuity.

John Wiley & Sons, Ltd

Adverse events {#aos13853-sec-0016}
--------------

Over 12 months follow‐up, eight patients (7.8%) had post capsular opacification (PCO) among the 102 patients who underwent combined phacovitrectomy. Seven of these patients with PCO received a capsulotomy with Nd: YAG laser. Seven patients (38.9%) among the 18 phakic patients underwent MH surgery only, eventually proceeded to cataract surgery after a mean period of 13.71 months. Three patients (2.5%) developed postoperative retinal detachment which occurred at 1.5, 9 and 15 months after initial macular hole surgery. All three maintained complete closure of the MH through the last follow‐up, and all received retinal reattachment surgery.

Five patients had a persistent macular hole after the primary surgery. Two patients were assigned to the 4DD group: one had a history of MH for 36 months with a baseline MHCI value of 0.52, and the other patient had an MHCI of 0.35. These two patients received a second vitrectomy, with additional peeling of the ILM beyond 4DD, and attained successful closure of the hole. The remaining three patients were assigned to the 2DD group: two patients had a long history of MH for 24 months, including one with a small MHCI value of 0.35. These two patients underwent additional surgery with broader ILM peeling to 4DD diameters around the hole and attained complete closure. The final 2DD patient had a history of MH for 2 weeks and a MHCI value of 0.56, and underwent additional surgery, without extending the ILM peeling range. The patient attained a poor MH closure outcome where the neurosensory retina attached to the RPE, but the gap between the edges remained. No holes that were closed, reopened in the present study.

Discussion {#aos13853-sec-0017}
==========

In this randomized clinical trial of patients with idiopathic macular holes undergoing MH surgery, we observed that patients with a baseline MHCI ≤0.5, had better anatomic and visual outcomes with extended (4DD) ILM peeling compared to limited (2DD) ILM peeling. The ILM may act as a scaffold for cellular proliferation -- glial cells may migrate onto the surface of the ILM and contribute to the tangential contractile force, which thought to be important in the pathogenesis of MH (Gass [1988](#aos13853-bib-0014){ref-type="ref"}; Tognetto et al. [2006](#aos13853-bib-0049){ref-type="ref"}; Bainbridge et al. [2008](#aos13853-bib-0005){ref-type="ref"}). Therefore, the procedure of ILM peeling is thought to release this tangential traction force and to increase retinal compliance, allowing the retina to move more freely to facilitate MH repair. Benefits of ILM peeling have been suggested by many researchers (Eckardt et al. [1997](#aos13853-bib-0011){ref-type="ref"}; Brooks [2000](#aos13853-bib-0006){ref-type="ref"}; Spiteri Cornish et al. [2013](#aos13853-bib-0042){ref-type="ref"}; Spiteri et al. [2014](#aos13853-bib-0043){ref-type="ref"}). Furthermore, a few of studies have suggested that broader and more complete ILM peeling could facilitate MH closure (Lois et al. [2008](#aos13853-bib-0033){ref-type="ref"}). Hejsek et al. ([2014](#aos13853-bib-0022){ref-type="ref"}) performed enlargement of the ILM peeling region in a second surgery for those patients who initially failed MH, and obtained 100% success eventually. However, some concerns (Abdelkader & Lois [2008](#aos13853-bib-0001){ref-type="ref"}) have been raised about potential deleterious side‐effects of ILM peeling regarding the role of ILM in retinal function and the procedure of ILM peeling itself, particularly since the ILM represents the basal lamina of Müller cells which have a critical function in the retina. Tadayoni et al. ([2001](#aos13853-bib-0045){ref-type="ref"}) first described the occurrence of dissociated optic nerve fiber layer after idiopathic epiretinal membrane removal, and subsequently described after ILM removal by Ito et al. ([2005](#aos13853-bib-0026){ref-type="ref"}). Alkabes et al. ([2011](#aos13853-bib-0002){ref-type="ref"}) observed that inner retinal defects frequently occurred after the ILM was peeled, and it consisted of numerous concentric macular dark spots in the same orientiation as the optic nerve fibers. Similar investigations have suggested that ILM peeling might reduce retinal sensitivity, and notably increase the incidence of microscotomas (Tadayoni et al. [2012](#aos13853-bib-0047){ref-type="ref"}). Furthermore, removal of the ILM might selectively delay the recovery of the focal macular electroretinograms b‐wave, implying some dysfunction or physiological alteration to the Müller cells of the macular region (Terasaki et al. [2001](#aos13853-bib-0048){ref-type="ref"}). Spaide ([2012](#aos13853-bib-0041){ref-type="ref"}) and Amouyal et al. ([2014](#aos13853-bib-0003){ref-type="ref"}) confirmed the presence of similar inner retinal defects resembling pits or dimples coursing along the nerve fiber layer using SD‐OCT, and showed further enlargement of the dimples in the postoperative period. Steel et al. ([2017](#aos13853-bib-0044){ref-type="ref"}) observed that ILM peel size correlate with the shortening of the fovea to disc distance, the appearance of dissociated optic nerve fiber layer and postoperative visual acuity. Considering these observations, it would seem prudent to limit the ILM peel size necessary to achieve the maximal visual outcome. The studies mentioned above which concerned the retinal function defection caused by ILM peeling included the cases that achieved anatomical success after the surgery. Thus, achieving complete closure of MH should be a precondition when considering the detriment of ILM peeling. And the present study observed that in 4DD group, which was without limiting the surface peeled to the bare minimum, achieved more encouraging anatomical outcomes in subgroup of subjects with MHCI ≤0.5. This would appear to highlight that baseline anatomy may need to be considered when planning MH surgery.

However, several recently published studies have shown controversial results with regards to baseline anatomical characteristics. Goker et al. ([2016](#aos13853-bib-0017){ref-type="ref"}) retrospectively analyzed 41 eyes with Gass stage 3--4 MH, which was divided into two groups based on anatomic success or failure. The multiple regression analysis showed an association between anatomical outcomes and two factors: basal MH diameter and peeled ILM range. However, limited by the retrospective intrinsic, small sample and the fact that the peeled ILM borders were only assessed using SD‐OCT, the validity of the study was weakened. In contrast, a study conducted by Modi et al. ([2016](#aos13853-bib-0035){ref-type="ref"}) concluded that increasing the size of ILM peeling did not increase the final closure rate of MHs, irrespective of its size, duration, or staging. Even though Modi study was a prospective trial, some factors may have contributed to the apparent different result compared to our study. First, their sample size of 30 patients may have left the study underpowered to detect a difference. Second, 3‐mm‐diameter and 5‐mm‐diameter ILM peels were used for the two treatment groups (approximating sizes of two and three disc diameters). This magnitude of difference in diameters may have been too small to lead a difference in closure rates. Finally, the Modi study analysed their subgroups based on MH stage and MH size, rather than MHCI. MHCI, of course, proved to be an important factor in our study. Another study conducted by Bae et al. ([2016](#aos13853-bib-0004){ref-type="ref"}) indicated that larger extent of ILM peeling (3 DD diameter) is beneficial to alleviate metamorphosia and asymmetric elongation of foveal tissue than smaller extent group (1.5 DD diameter). The complete closure rate of the two groups was 97.0%. However, the same anatomical outcomes of two groups might be due to the different gas selection strategy based on the size and duration of MH. For MH smaller than 400 *μ*m with symptom duration shorter than 3 months, 25% SF6 was used. Otherwise 14% perfluoropropane gas was used. Longer duration of perfluoropropane gas sustained in vitreous cavity might improve the complete closure rate of macular hole larger than 400 *μ*m, which leading to the comparable results of anatomical outcomes between the different ILM peeling extent groups.

We selected MHCI as the preferred index to predict anatomical prognosis based on our previous work (Liu et al. [2016](#aos13853-bib-0032){ref-type="ref"}). Because the preoperative configuration is another key variable that may influence MH closure rates, many studies have been performed to investigate the predictors of anatomical or visual outcomes based on baseline OCT features. Among those predictors, MH minimum diameter was popularized as a predictor of MH surgical outcomes. Ip et al. ([2002](#aos13853-bib-0025){ref-type="ref"}), for example, observed that a MH diameter smaller than 400 *μ*m was associated with a higher success rate following surgery. However, our previous work (Liu et al. [2016](#aos13853-bib-0032){ref-type="ref"}) demonstrated that MHCI showed a greater predictive power than other parameters, including MH minimum diameter, MH height,MH base diameter, the macular hole index, the diameter hole index and the tractional hole index. Thus, we chose MHCI as the indicator of prognosis in the present study, and selected the MHCI cut‐point based on the ROC curve. Within the 2DD peeling group in our present study, MHCI once again proved to be an important predictor. Our MHCI is similar to another prognostic index named hole formed factor (HFF), which was defined by Desai et al. ([1999](#aos13853-bib-0009){ref-type="ref"}). However, limited by the resolution of time‐domain OCT (TD‐OCT), it was difficult to consistently identify microstructures such as the ELM. Thus the start point of the arm length for HFF calculation was at the axial position of minimum diameter of the MH diameter -- which may or may not precisely correspond to the length of detached photoreceptors. In our study, we measured the detached photoreceptor from the broken end point of the ELM, which was reported as an important factor for survival of photoreceptor cells (Wakabayashi et al. [2009](#aos13853-bib-0051){ref-type="ref"}, [2010](#aos13853-bib-0052){ref-type="ref"}). Since the use of SD‐OCT with much higher resolution compared with TD‐OCT in the present study, we believe that the MHCI can offer more accurate information than the HFF.

Another advantage of our study, compared to previous reports is that we graded the anatomical outcomes in a more granular fashion with regards to the postoperative morphology. Using our grading system, the primary complete closure (defined as closure with normal foveal morphology) rate for our study was 86.8%. Postoperative anatomic success rates in previous studies vary between 86% and 100% in the literature (Tornambe et al. [1997](#aos13853-bib-0050){ref-type="ref"}; Park et al. [1999](#aos13853-bib-0038){ref-type="ref"}; Tadayoni et al. [2006](#aos13853-bib-0046){ref-type="ref"}; Kapoor et al. [2012](#aos13853-bib-0028){ref-type="ref"}), but the morphology of the closed holes was generally not subdivided in detail. If we do not subdivide the closed hole morphology, the primary closure rate in our study was 95%.

The postoperative BCVA improved significantly at each visit point. And BCVA at the 12 months visit was correlated with anatomy, patients with complete MH closure could achieve better BCVA than those with poor closure configurations. This further highlights that achieving complete MH closure (and not simply closure) should be the primary goal of MH surgery. What\'s more, the patients received 23‐ or 25‐gauge PPV carried out by four different surgeons might be a bias for the outcomes. The earlier 30 patients enrolled received 23‐gauge PPV and the rest of patients received 25‐gauge PPV, which might influence the outcome. However, Kusuhara et al. ([2008](#aos13853-bib-0031){ref-type="ref"}) proved that both 23‐ and 25‐gauge PPV were safe and effective in MH surgery. And the surgically‐induced astigmatism was corrected by testing BCVA at each visit to eliminate the difference between the patients in the present study. And to reduce the bias induced by different surgeons, the surgeons reached agreement on the surgical protocol to ensure the MH surgery procedure was standardized.

In analysing the reasons why five patients failed to achieve closure with primary surgery, a longer duration, smaller MHCI, and a smaller ILM peeling range were thought to be important, but the small number of cases makes it difficult to draw any definitive conclusions. Although the history between the two groups was comparable, the patients with history more than 12 months differed between the two groups, which might affect the results. Of note, when the ILM peeling range was extended in the second operation, complete closure was obtained in these cases which would seem to in accordance with previous reports from Eckardt et al. ([1997](#aos13853-bib-0011){ref-type="ref"}) and Iezzi & Kapoor ([2013](#aos13853-bib-0024){ref-type="ref"}).

The present study has several limitations. First, the calculation of sample was based on the simple anatomic success rate rather than the complete closure rate since such data were absent in present literature. However, the primary outcome in the present study was a complete closure rate, which was lower than the success rate, leading to an underestimation of the sample size. And the smaller sample size might weaken the validity of the conclusion. Second, the small sample of 24 patients in the subgroup of MHCI ≤0.5 may have led to a lack of statistical difference between the 2DD and 4DD groups with regards to anatomical outcomes when the Fisher\'s exact test was applied. And the sample of patients with MHCI ≤0.5 was too small to draw an established conclusion. To address this issue, we can stratify the patients into different subgroups divided by MHCI cut‐off value preoperatively and then assign patients randomly in subsequent studies. Furthermore,the present study is a single centre clinical trial. Thus, a multi‐centred, prospective, randomized and controlled clinical trial with large sample should be conducted to replicate our results and to demonstrate more established conclusion. In addition, most literatures excluded patients with history of \>12 months, however, the present study included nine eyes with history more than 12 months. Since the history is correlated with the MHCI, in order to enroll patients with smaller MHCI, the present study defined the inclusion criteria of history within 36 months, which might be a confounding factor for the results. Finally, MHCI had to be manually calculated by trained OCT graders in our study. To make MHCI a more clinical practical parameter, it will need to be developed as an automatic tool built into OCT instruments.

In conclusion, our study demonstrates that more extensive ILM peel in those MHs with MHCI ≤0.5 can achieve better anatomic and visual outcome in MH surgery. And for those MH with MHCI \>0.5, ILM peeling area with 2DD diameters is sufficient to achieve satisfactory anatomical and visual outcomes. This highlights the potential benefit of careful assessment of preoperative OCT anatomy in order to individualize and optimize surgical planning for MH surgery.
